Abstract: In this study, polysaccharide and RNA contents of anthers were investigated on different phases of sporogenesis by using light microscopy techniques from histological and cytological point of view in Leucojum aestivum. Paraffin and semi-thin sections of anthers were stained with toluidine blue and PAS. Anthers were tetrasporangiate. The wall of the anther consists of an epidermis, endothecium, middle layer and glandular tapetum. During one nucleated microspore and mature pollen phase microspores and tapetum cells began to degenerate and they were become very rich of RNA in L. aestivum. And also RNA content was increased in endothecium and middle layer cells except the epidermis cells of anther wall. An increase in RNA content indicates cell activation. Polysaccharides were not seen in young anther wall but they were seen in older ones. They were generally condensed in the cell walls and especially in the cell walls of vascular bundles of connective tissue. This could be thought that insoluble polysaccharides were used in metabolic events in early developmental stages. Appearance of polysaccharides in late phases was indicated that polysaccharides were used in the formation of cuticule and differentiation of endothelium cell walls.
Introduction
The wall of mature anther consists of an epidermis, followed to the inside by a layer of cells the endothecium and cells comprising two or three middle layers (Raghavan 1997; Ünal 2004) . Most of the previous studies were about anther biology, structure and development (Heslop-Harrison 1971 , 1972 Bhandari 1984) , anatomy (Duvall 2001) , pollen development, pollen physiology, (Mascarenhas 1975; Knox 1984; Dane & Meriç 1999) and pollen biochemistry (Stanley 1971) . Studies about histochemistry of anther wall are very few. Histochemical features of anther wall were studied in Calotropis procera by Vijayaraghavan & Cheema (1978) , in Triticale CV TRI-1 by Bhandari & Khosla (1982) , in Solanum nigrum by Bhandari & Sharma (1987) , in Carica papaya by Sheel & Bhandary (1990) , in Helianthus petiolaris by Agadi & Hedge (2003) .
Leucojum aestivum L. is a member of Amaryllidaceae family. According to recently records, Amaryllidaceae family has 60 genera and 800 species (Watson & Dallwitz 1992) . Genus Leucojum L. is represented by Leucojum aestivum subsp. pulchellum which was the only genus in Turkey.
In recently done studies in Leucojum aestivum, polarity was determined in ultrastructures of PMC (Pollen mother cells), sporogenous tissue cells and the microspores which were ready for pollen mitosis, in the distribution of organelles (Ekici & Dane 2012) , in the synergids and egg cells of female gametophyte and in the active (functional) megaspore (Ekici & Dane 2008) . In this study, some of the histochemical features of the anther wall in Leucojum aestivum were tried to explain during pollen development.
Material and methods
In this study, L. aestivum plants were collected from the natural population at Tavuk Forest of Edirne A1 (E) in European Turkey, between April -May of 2004 and 2005. They brought to the Botanical Garden of Trakya University. Vouchers were placed in the herbarium of Trakya University (EDTU). Anthers of L. aestivum were used in different size. Number and features of anthers in L. aestivum, were investigated with binocular microscope and they were photographed.
Anthers of L. aestivum were fixed in Carnoy's fluid (ethyl alcohol: acetic acid, 3:1 v/v) and they were kept in 70% ethyl alcohol. Classical methods of dehydration, infiltration, paraffin embedding, microtoming and staining were followed. Serial sections of anthers were cut at the thickness of 6-10µm and stained with Delafield's hematoxylin. Some of the anthers were fixed in 3% glutaraldehyde (GA) in 0.1M Milloning's phosphate buffer pH 6.8, for 2 hours. Anthers were then washed several times in buffer, fixed overnight with 1% buffered OsO4 and dehydration was made with gradually increasing aceton-propylenoxide series. The material was embedded in Epon. Paraffin and semi-thin sec- tions (1µm thick) of anthers were stained with toluidin blue for RNA content and with PAS for polysaccharide content.
The slides were examined and photographed by an Olympus light photomicroscope (Jensen 1962) . 
Results
The androecium of L. aestivum was formed by six stamens. Anthers were yellow and basifix. Filaments were white. Mature anthers were generally 4 mm long, but anthers of 5 mm had been encountered (Fig. 1a) . Filaments were shorter than the anthers. Microsporangia opened from stomiums by cracking in mature anthers (Fig. 1b) . The anthers of L. aestivum were tetrasporangiate.
Developmental stages of the anther wall of L. aestivum were seen in Figs 2a-i. It had been determined that epidermis cells were bigger than the other cells, wall thickenings did not begin in endothecium and tapetal cells were one or two nucleated in the early phase of anther development (Figs 2a-g ). Tapetum was glandular type and when microspores released from the tetrad, it began to degenerate. Endothecium thickenings were begun to form in mature pollen phase (Fig. 2h) . Middle layer was seen till the last phase of the anther development and tapetal cells were degenerated completely in mature pollen phase (Fig. 2i) .
The sections of young and mature anthers in different length were stained with PAS and toluidine-blue and various phases of sporogenesis were examined in terms of polysaccharide and RNA contents. Polysaccharide content of the anther was generally condensed in the cell walls (Figs 3a-o) and especially in the cell walls of vascular bundles of connective tissue (Fig. 3h, arrow) . There was no sign of insoluble polysaccharide in the cytoplasms of microspore cells and cells of anther wall during the development of anther. It was observed that cytoplasms and nuclei of sporogenous tissue were very rich of RNA. However, RNA was condensed in the nuclei of young anther cell walls and connective tissue (Fig. 4a ). There was a remarkable decrease in RNA content of pollen mother cells before the phase of callose wall formation around the pollen mother cells and large vacuoles were seen in the cytoplasm (Fig. 4b) . On the other hand, at the end of callose wall formation phase around pollen mother cells, RNA content was revealed to have increase in the cytoplasm and nucleus of pollen mother cells (Fig. 4c) . The cytoplasm and nucleus of tetrad and tapetum cells were rich in terms of RNA con- Fig. 3i -k. Polysaccharide contents of the anthers during different developmental phases in L. aestivum. Transverse sections were stained with PAS. i-k -microspore phase; i -general view of anther; j -anther wall and microspores; k -connective tissue and degenerated tapetal cells; scale bar = 20 µm; (ct, connective tissue; e, epidermis; en, endothecium; m, middle layer; ms, microspore; t, tapetum).
tent during tetrad phase of microporogenesis (Fig. 4d) ; however, RNA content of both microspore and tapetum cells were decreased at the vacuolated microspore phase (Fig. 4e) . Microspores started to get swollen by taking fluid from tapetum cells during late microspore phase. Microspores and degenerating tapetal cells were very rich of RNA and also RNA content of endothecium and middle layer cells were increased except epidermis during the same phase (Fig. 4f) . RNA content of anther wall and connective tissue cells in mature anthers was decreased (Figs 4g,h) . In that phase, also fibrous thickenings were seen in the endothecium (Figs 4i,j) . 
Discussion
In this study, polysaccharide and RNA content of anther wall cells were analyzed in all developmental stages of L. aestivum anther. In the early developmental stage of the anther wall, PAS (+) reaction did not occur in the cytoplasm. In the early developmental stage of anther walls in Carica papaya (Sheel & Bhandari 1990 ), Zea mays (Panchaksharappa & Rudraminuyappa 1974) and Triticale (Bhandari & Khosla 1982) , a great number of starch granules were seen in the wall layers. In L. aestivum, on the other hand, PAS (+) reaction was not seen in the early developmental stage of anther membrane apart from cell walls as in Calatropis pro- cera (Vijayaraghavan & Cheema 1978) . According to Vijayaraghavan & Cheema (1978) , this was the reason for the differentiation of sporogeneous tissue cells, callose synthesis of PMC, meiosis and the energy need for the callose breakdown. ATP is produced for the RNA and protein synthesis. Non-protein compounds could be also used as a source for the protein synthesis. Mature anther walls of L. aestivum in pollen mitosis were far Fig. 4e-h. RNA contents of the anthers during different developmental phases in L. aestivum. Longitudinal sections were stained with toluidin blue. e -early one-nucleated microspore phase; f -late one-nucleated microspore phase; g -anther wall in mature pollen phase; h -connective tissue in mature pollen phase; scale bars = 20 µm. (ct, connective tissue; cu, cutin; e, epidermis; en, endothecium; m, middle layer; ms, microspore; p, pollen; t, tapetum).
richer than the ones in the early phased in terms of polysaccharide content. This could be seen especially in the epidermal cells. The formation of fibrous thickening in the endothecium cells started in later stages. This situation showed that the polysaccharides in the epidermal cells could be used in differentiation of endothecium thickenings. Furthermore, there was cuticule formation in the epidermal cells of L. aestivum. According to Cheng et al. (1979) , storage starch had been used in the formation of epidermal and spinose cuticule. Similar cases were also observed in Carica papaya (Sheel & Bhandari 1990) , Zea mays (Panchaksharappa & Rudraminuyappa 1974) and Triticale (Bhandari & Khosla 1982) . Taylor (1959) demonstrated that active protein synthesis in the preleptotene and leptotene and in the late prophase, in meiosis II and tetrad stage in his observations by giving glycine-C 14 -into the PMCs of Lilium. In L. aestivum, sporogenous tissue cells were quite rich in RNA content in the early developmental stage of the anther. However, the quantity of RNA was seen to decrease before the formation of callose wall, to increase after the completion of callose wall synthesis around its PMCs. At the beginning of meiosis, the rise in the quantity of RNA in the meiocytes was also seen in Calatropis procera (Vijayaraghavan & Cheema 1978) , Lilium longiflorum (Taylor 1959 ) Zea mays (Moss & HeslopHarrison 1967) , Taxus baccata (Pennell & Bell 1987) and Nigella (Bhandari et al. 1976 ). Tetrad and tapetal cells were rich in RNA content in the tetrad phase of microsporogenesis in L. aestivum. In the late microspore phase, on the other hand, RNA content in both microspores and tapetal cells was seen to decrease. In the prophase and tetrad phases, in Nigella damascena (Bhandari et al. 1976) and Lilium (Taylor 1959) tapetum was rich in terms of RNA. However, after the tetrad phase, RNA accumulation was not seen. Microspores in the mature pollen stages and microspore with a single nucleus in L. aestivum and degenerated tapetal cells become rich in terms of RNA content; moreover, at that stage, the rise in the quantity of RNA was sporadically observed in the endothecium and middle layer cells of the anther wall except for epidermis.
In conclusion, polysaccharides were not seen in the young anther cell wall however, they were seen in the mature anther cell wall. As they were not seen in the early developmental phases, insoluble polysaccharides have been considered to be used in the metabolic activities. On the other hand, the appearance of polysaccharides in the late phases displayed that the polysaccharides could be used in the cuticule formation of epidermis layer and in membrane differentiation of endothecium cells. RNA content showed decrease during callose synthesis, and then it was increased after callose synthesis. Secretion was also increased in the tapetum cells. Increase of RNA content in the middle layer and endothecium can be related with pollen nutrition. The ultrastructure of anther wall cells also justifies the results of histological observations (Ekici & Dane 2012) .
